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© Process for the preparation of alcohols. 



© The invention relates to a process for the preparation of an alcohol by hydrogenation of a carbonyl 
compound at elevated temperature and superatmospheric pressure in the presence of a homogeneous catalytic 
system comprising a source of a Group VIII metal compound and a bidentate phosphine. Conveniently, an 
aldehyde which has been prepared by hydroformylation of an olefinically unsaturated compound is used as 
starting material. 
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mrZT TTT felateS t0 3 pr0C6SS f0r the P re P^«on of an alcohol by hydrogenation of a carbonvl 
catZc sy«em temPeratUr6 "* S ^*™**°<* P~ " in the'presence of a hoJ^SSS 

viii ^Jr 1 SySt6m f W . hiCh h3Ve b6en pr ° pOSed for this Drocess - inc,ude catalysts based on soluble Group 
• VIII metal compounds, for example of cobalt or rhodium. au.uuie ^roup 

Precursors for use in this process, such as aldehydes or ketones may. for instance, be obtained bv 

met* 3 °tk ' h h yd ;°: aCy,ation ° f an °^ ni ^'y unsaturated compound in the presence of f Group vm 
metal catalyst. The hydroformy.ation process has attained industrial application and is also Known as Z 

, ZJ£~°Z FreqU h ently ' a ' dehyde Pr ° duCed by "ydroformylation of an olefin is separated from £ 
. reaction mixture obtained by the hydroformylation to eliminate the catalyst and by-products and is 
subsequently used in the hydrogenation. ■ proaucts and ,s 

rea r«nn A o 4 rt f 3 t d !f C ' oses a Drocess for the Preparation of alcohols, wherein the aldehyde-containing 

catalvsedTv a h ° * hydrOf0rmylation ta USed 35 SUCh in a '^sequent hydrogenation rea^ on 

catalysed by a heterogeneous Raney nickel or cobalt catalyst. Water is added for qeneratino a bioha^ir 
reactor .product faci.itating separation of the cata.ysts used. Apart from the inherent 9 ^ cations of Th^ 

„2Z * P ^ i M ? yStS> USe ° f 3CtiVe Raney catal V sts wi » concurrently hydrogenate any olefin 
values remaining in the hydroformylation product. Y 

According to GB-A-1 270 985, cobalt carbonyls modified by tertiary phosphines. known to be active as 
hydroformylation catalyst, can be used in the hydrogenation of aldehydes to alcohols unde? an atmosohere 

sssxr and carbon ™- Howev - high — 

US-A-3 876 672 discloses a process for the hydroformylation of olefins to form aldehydes and alcohols 
using a catalyst comprising a cationic hydride of Ni. Pd or Pt comp.exed with 2-4 monophosphine Hgandl 
Rather low conversions with low selectivities to alcohols were observed opnospn.ne l.gands. 

kn °wn hydrogenation processes require a pure hydrogenation atmosphere, so that carbon 
monoxide should be removed, if an aldehyde-containing hydroformy.ation product is to be direct.^ sS 

tion of ^y^omprr 3 C ° ntinUed imPfOVed m ° re V6rSatile C3talyStS for the hydro ^ a - 

effectedlnThe ^ZJ^ ^V** hydr °9 enation of aldeh ^ or ketones to alcohols is advantageously 

T:z^z::^^:r°^ cata,ytic system comprisin9 a source * a ™ ^ 

.nnJI 1 ! C * l S 8t SySt6m USed accordin 9 to the invention offers the advantages of high activity at mild 
conditions of temperature and/or pressure, applicability in the presence or absence of ctbon monox de n 

^SISSZ atm Tf r H T? 3 remark3ble SSleCtivity in that 0,efinica,, y -crated compounds 
toTcoho"s ' " C ° nditi0nS WherS the Carb ° nyl ^pounds are readily hydrogenated 

It is also remarkable that the present invention allows for hydrogenation of hindered ketones i e 
ketones having at least one secondary or tertiary alky, group linked to the ketogroup, at high rates ' 
is descr hlThf v t 3 TV* SySt6m COm P risin 9 a compound of palladium and a bidentate phosphine 
ZSSSZ oTa^l 5££? " a '- in J Am C ^°C 1989. 111. 8742-4. but only for L in* the 

SSTh ' C °™ P ° unds used as Percursor in the present process include aldehydes and ketones 
fl tn m c th V US8d f ° r the Wrogenation are preferably aliphatic aldehydes having 2-20 carbon 

rTL T V C ° nta : n ° ne ° r m ° re 3ldehyd9 Qrou P s ' and also substituents which are inert unde Mhe 
reaction cond.tions. such as aryl groups, hydroxy groups, carboxy groups. C, - 4 alkoxy g ouos or est2 
groups having 1-7 carbon atoms. Aldehydes having 3-20 carbon atoms which have been prepared by oxo 

2 ^' h S r , T°T V SUitabte " Suit3ble examp,es include P ro P anal - P^ana.. 2-JZ^p2l 4- 
hydroxybutanal 6-oxohexanoic esters, octanal. nonyl aldehydes, tridecanals or 2-ethylhexanal 

Ketones which are used for the hydrogenation are preferably aliphatic ketones having 3-20 carbon 
atoms. They may contain one or more ketogroups, and also inert substituents such as mentioned abo^e 
Typical ketones include methyl iso-propy.ketone, ethyl iso-propy.ketone and dicyc.ohexyl ketone 
whi^! bydroge " at,on is carried out in the presence of a catalytic system comprising a Group VIII metal 
which is preferably selected from palladium, platinum, and rhodium, and most preferably^ is palladium 

The Group VII. metal catalyst component may be provided in the form of a Group VIII metal Sit such 
as sa, s of nitnc acd; sulphuric acid; sulphonic acids, for example trif.uoromethane su.phon c add or 

vn T I aC ' d: ^ C3rb0Xy,iC addS ' f ° r SXam P ,e acetic a c' d or trif,uoro acetic acid. The gIo 

VHI meta salt may be ,n the form of a comp.ex, for example with a phosphine and/or other ligand Tne 
Group VIII metal may also be provided in the form of the metallic element or a zero valent complex with a 
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ligand such as a phosphine or carbon monoxide. If provided in metallic form, it should be used with a 

protonic acid for formation in situ of a soluble salt or complex. 

The quantity of the Group VIII metal is not critical. Preferably, it is in the range of 10~ 7 to 10" 1 gram 

atom of Group VIII metal per mole of aldehyde substrate, more preferably from 10~ 6 to 10~ 2 . 
5 The second essential component of the catalytic system to be used according to the invention is a 

bidentate phosphine. In the present context, a bidentate phosphine is intended to cover any or- 

ganophosphoais compound having at least two phosphine groups and being free of steric hindrance 

preventing coordination of two phosphine P atoms to a single metal atom. The presence of further 

coordinating or non-coordinating phosphine groups is not excluded. 
io Preferred bidentate phosphines to be used according to the present invention have the formula, 

R 1 R 2 P-X-PR 3 R 4 (I), 

wherein R\ R 2 , R 3 and R 4 independently represent an optionally substituted hydrocarbyl group, or R 1 and 
75 R 2 together and/or R 3 and R 4 together represent an optionally substituted bivalent hydrocarbyl group, at 
least one of R\ R 2 , R 3 and R 4 being aliphatic, and X represents a bivalent bridging group having from 2 to 
8 atoms in the bridge. More preferably, each of R\ R 2 , R 3 and R 4 independently represents an aliphatic 
group, such as a substituted or unsubstituted optionally branched or cyclic alkyl group, suitably having from 
1 to 20 carbon atoms. 

20 Preferred aliphatic groups are unsubstituted alkyl groups which may be branched or cyclic and have 

from 1 to 10 carbon atoms, more preferably from 1 to 6 carbon atoms. Examples of suitable alkyl groups 

are methyl, ethyl, n-propyl. iso-propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, cyclohexyl and n-hexyl. 

Preferred alkyl groups have one or two alpha-hydrogen atoms, in particular one alpha-hydrogen atom as in 

secondary alkyl groups. Most preferred alkyl group are ethyl, i-propyl, n-propyl, s-butyl and n-butyl. If 
25 together constituting a bivalent hydrocarbyl group, R 1 and R 2 or R 3 and R 4 preferably represent an aliphatic 

bivalent radical, such as an optionally substituted alkylene or cycloalkylene group, for example hex- 

amethylene or cyclooctylene. 

When the alkyl or alkylene group is said to be optionally substituted, it may be substituted by one or 

more substituents which do not annihilate the catalytic activity of the system. Suitable substituents include 
30 halogen atoms, alkoxy groups, haloalkyl groups, haloalkoxy groups, acyl groups, acyloxy groups, amino 

groups, hydroxy! groups, nitrile groups, acylamino groups, and aryl groups. 

The bridging group represented by X is preferably a hydrocarbon, an ether or a thioether residue. For 

example, the bridging group may be an optionally substituted alkylene chain which is optionally interrupted 

by one or more oxygen and/or sulphur atoms, as in: 
35 -CH2CH2-; -CH2CH2CH2-; -CH2CH2CH2CH2-; or -CH2CH2OCH2CH2-. 

The bridging group preferably contains from 2 to 6 atoms in the bridge, more preferably from 3 to 5 

atoms. For example, when the bridging group is a propane or neopentane residue, the bridge contains 3 

atoms. Preferred bridging groups X include trimethylene, tetramethylene, and 3-oxapentam ethylene. 

Examples of phosphines of formula I which may be used in the process according to the invention are: 
40 1 ,2-bis(di-n-butylphosphino)ethane, 

1,3-bis(dimethylphosphino)propane, 

1,3-bis(diethylphosphino)propane, 

1 ,3-bis(di-i-propylphosphino)propane, 

l,3-bis(di-n-propylphosphino)propane, 
45 1 ,3-bis(di-i-butylphosphino)propane, 

1,3-bis(di-n-butylphosphino)propane, 

1,3-bis(di-s-butylphosphino)propane, 

l,3-bis(di-t-butylphosphino)propane, 

l,3-bis(di-n-hexylphosphino)propane, 
so 1 ,2-bis(dicyclohexylphosphino)ethane, 

1.3-bis(n-butylmethylphosphino)propane, 

l,3-bis(n-butylethylphosphino)propane, 

1.3- bis(cyclooctylenephosphino)propane, 

1.4- bis(di-i-propylphosphino)butane, 

55 1 ,5-bis(dimethylphosphino)-3-oxapentane, 

1 ,8-bis(di-n-butylphosphino)-3,6-dioxaoctane, and 

1 ) 4-bis(di-n-butylphosphino)-2,2,3,3-tetramethylbutane. 
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The ratio of the number of moles of the phosphine of formula I per gram atom of Grouo VIII metal i. 

Preferably the anion is a non- or weakly-coordinating anion: that is to say an anion which does not or 
only weakly coordmates with the palladium cation. It is preferably derived from a strong Tcid having a pKa 
< 2, more preferab y a oKa < - 1 fmA^nr^H ot to • »uun y uoiu navmg a p*a 

' P : t0,uenesu, P honic aci * benzenesulphonic acid. trifluoromethJnesu.phonk ack or su 

r^r^ \r zrt^z^ aci ? h or an acid derLd by s ~ 

fluorosilicic acid, HBF 4 . HPF ( . HSbF 6 ) " * ^ SUCh 38 HF < e 9- 

It will be appreciated that when using a palladium salt of a weak acid such as acetic acid t h« a HHi«™ 

weaYSd 9 SUCh 38 3 SU ' Ph0niC 3Cid Wi " 9Snerate 3 Sa,t ° f «™ ana' the" 

descT^^ - be prepared by genera, methods 

surf^f,^ SVStem ^ P seud - h ^^nized form, for example an 2£SSi on pS^SE 

sterEfall^ Tf^ ? 3 S6Parate S0 ' Vent in 1,16 P rocess wording to the inSon The 
starting aldehyde or ketone and the alcohol product can often form a suitable liquid phase In ^mTo fl I« 

however. ,t may be desirable to use a separate solvent. Any inert solveTLn be usee Ho that oumnL 

Representative suitable so.vents include hydrocarbons, suboxides, sulphones eZs esters Stones' 

alcohols, and am.des. The reaction may be conducted in the gaseous phase ' 

^S^J^S^ are hydr ° 9enated in the reaction mixture in which they are obtained - fo < 

mvla^rS'i-^L^TH'f ' ySt Ca " b9 US6d f ° r b ° th the P^Paration of an aldehyde by hydrofor- 

formed then ,s immediately consumed in the hydrogenation reaction to form the alcohol V 

20 -c to^r aCCOrd j n9 1 t ° < the invention is conveniently effected at a temperature in the range of from 
<iu o to 200 C, in particular from 50 *C to 150 *C. a trom 

The process according to the invention is preferably effected at a total pressure of fmm 1 t« on k, 
Pressures higher than 100 bar may be used, but are generally Jonw^uZZtTon ^ZToi 
special apparatus requirements. A pure hydrogen atmosphere may be used for ^T^oaenJon oTt^l 

iatr^sr inert di,uent 9ases - For examp,e ' an -os P her e r;xr:;dCn e 

adva^uT^ ™* b * — «" b — —ally, however, it is 

™t^c^SS£ the process of the invention find app,ication as chemical -« - - 

The invention will now be illustrated by the following Examples. 
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Example 1 

A 250 ml magnetically-stirred autoclave was charged with 20 ml propanal, 40 ml diglyme (2,5,8- 
trioxanonane), 0.25 mmol of palladium acetate, 0.3 mmol of 1 ,3-bis(di-i-propylphosphino)propane and 1 

5 mmol p-toluenesulphonic acid. After being flushed, the autoclave was pressurised with 60 bar of hydrogen. 
The autoclave was sealed, heated to a temperature of 90 - C, and maintained at that temperature for 15 
minutes, whereupon a sample of the contents of the autoclave was analysed by gas liquid chromatography 
(GLC). From the results of the analysis it appeared that the propanal had been completely converted into 1- 
propanol with a selectivity close to 100%. An average rate of conversion of 3900 mol of propanal per gram 

io atom of palladium per hour was observed. 

Examples 2-4 



Example 1 was repeated, except for using the phosphines and anion sources in the amounts and for the 
75 reaction times mentioned in Table 1 below. The observed conversions of propanal (%), rates of conversion 
(mol/gr.at.Pd/hr), and selectivities to 1-propanol (%) are reported in the Table. 



Table 1 



20 



25 



30 



35 



Ex. 
No. 



Gr.VIII ligand ) 

metal 
(mmol) (mmol) 



PdOAc 2 
(0.25) 



PdOAc 2 
(0.25) 



iPrPC3 
(0.3) 

iPrPC3 
(0.3) 



anion ) time conver- 



source 
(mmol) 



pTSA 

(1) 
TFAcOH 

(1) 



sion 



(hr) 



pTSA 0 . 25 
(1) 



0.25 



98 



conv 
rate 



100 3900 



3900 



selec- 
tivi ty 



99 



99 



40 



45 

1 



Pd0Ac 2 iPrPC3 TFMSA 0.25 100 3400 99 

(0.25) (0.6) (1) 



PdOAc 2 EtPC3 pTSA 1.5 100 900 99 

(0.25) (0.3) (1) 



) iPrPC3 : 1 , 3 -bis (di- i-propylphosphino) propane ; 
EtPC3 : 1 , 3 -bis (diethylphosphino) propane ; 



50 2 

) pTSA: p- toluene sulphonic acid; TFAcOH: trifluoro acetic acid; 
TFMSA: trif luorome thylsulphonic acid; PhPA: benzenephosphonic 
acid 

55 
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Example 5 



A 250 ml magnetically-stirred autoclave was charged with 20 ml a-octene, 40 ml diglyme (2 5 8- 
tnoxanonane), 0.25 mmol of palladium acetate. 0.6 mmol of 1 ,3-bis(di-i-propylpho S phino)p™ane and 1 
■ mmol t-butyisu.phonic acid. After being flushed, the autoclave was pressurised with caZ ZJZZ anl 

was sealed, heated to a temoerature of 
70 C, and ma.nta.ned at that temperature for 7 hours, whereupon GLC of a sample of the contents of the 

™ SM£2£ the a - octene had been ~ into nonyl a,dehyd - of — " 

'° at 90% forTSoui o°r ,aVe i" 8 * ** P ressurised with 60 bar of hydrogen and heated 

at 90 C for 5 hours. GLC analysis showed a 100% conversion of nonyl aldehydes into the corresponds 

T y 'f^V' *", initia ' ^ ° f COnVerSi ° n ab ° ve 300 moU * at The residual ocLTrraining 

iT^XZe^r SteP ' 3PPeared 10 * SUbStantia " y UnChan96d dUrin9 thS "Vdrogenation, with only 

75 

Example 6 

^ t f, 5 ! ml ma 9 netica ''y- stirred autoclave was charged with 20 ml a-octene, 40 ml diglyme, 0.25 mmol 
«. t^Sn T I S T°' °' 1 ^^-^Py'Phosphino^opane and 1 mmol p^toluenesUphoTc 
™li 9 , U ,n hed ' th8 aUt0C ' aVe W3S P ressurised carbon monoxide and hydrogen up to a 

part,al pressure of 30 bar of each. The autoclave was sealed, heated to a temperature of 90 • C and 
mam tamed at that temperature for 5 hours, whereupon GLC analysis of a sample of the contents of tne 

SET h W S th3t 67% ° f ^ a -° Ctene h3d bBen COnverted with a sel ^tivity of 94% In o nonyl 
aldehydes and 5% into the corresponding nonyl alcohols y 

25 L Th tL PrOCedUre r der a ,° f thiS ExamP ' e W3S repeated char 9 in 9 the autoc,av e with 15 ml of a-octene 
and the same solvent and catalytic system. The autoclave was pressurised with 20 bar of carbon 

llihydes C ° nV W 3 S6leCtiVity ° f ^ int ° n0nyl a,COhols ^ 9% int ° "onV 

30 under a Thl!^ »?h 9 ^° ZT C3talytiC SySt6m 4,16 a,dehyde is formed as the Predominant product 
nln f" „ 1 ? h ' 9her h y dr °9 en P ressur e and higher temperature the alcohol is the predominant 

sTbtn r b " APP r nt,y> in b ° th ex P eriments th * is formed in a first reaction step and 

^Z^rTT Z* TTl materia ' f ° r th8 S6C0nd ^WO" -P. under a. at relative* tow 

35 ^ ^ ^i^ 3 °' and hydro ^ ^ entration 

Example 7 

40 with F ?n° W n7 9 H n H ra " y pr0Cedure of Exam P' e «>•. a 2 50 ml magnetically-stirred autoclave was charged 
40 with 20 ml a-dodecene, 40 ml diglyme. 0.25 mmol of palladium acetate. 0.6 mmol of 1 3-bis 1 5 
cyc.ooctylenephosphino)propane, 1 mmol p-to.uenesu.phonic acid and 1 mmol rifluoro acetic ac,d The 
autoclave was pressurised with 20 bar of carbon monoxide and 40 bar of hydrogen and heated at 25 - C 

rid* T!V, WM H faUnd ^ 62% ° f *" Q - dodecene had ^n converted" with as ^^ 98% into 
tridecyl alcohols and traces of the corresponding aldehydes. 

45 

Example 8 

As in the previous Example, a 250 ml magnetically-stirred autoclave was charged with 30 ml of a 
S n ??r,f ,ntern f My Unsaturated c " ° ,e ' ins - 4 ° m. diglyme. 0.5 mmol of pal.adium acetate 1 mmcS of 
so l.3-b. S (d,-,-pro P ylphosphino) P ropane. 2 mmol p-toluenesulphonic acid and 1 mmo. trif.uom acetic ad^ The 

for 10 ^^ho u r.t Pre ' SU ; iSe H T ? ^ ° f ^ m ° n0Xide 3nd 40 bar ° f hydr °9 e "' and heateS a?' 5 5 -c 

Sl^^T of the 0,4 0,efins had been converted with a se,ectivity of 98% 

55 Example 9 

As in the previous Example, a 250 ml magnetically-stirred autoclave was charged with 20 ml 
cyclohexene. 50 ml diglyme. 0.25 mmo. of palladium acetate. 0.6 mmol of 1.3-bis(dimemySsphinoT 
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propane, 1 mmol trifluoro acetic acid and 1 mmol p-toluenesulphonic acid. The autoclave was pressurised 
with 20 bar of carbon monoxide and 40 bar of hydrogen, and heated at 130 *C for 5 hours, tt was found 
that 6% of the cyclohexene had been converted with a selectivity of 99% into cyclohexylmethanol. 

5 Example 10 

As in the previous Example, a 250 ml magnetically- stirred autoclave was charged with 20 ml styrene, 
50 ml diglyme, 0.25 mmol of palladium acetate, 0.6 mmol of 1 ,3-bis(di-i-propylphosphino)propane and 1 
mmol p-toluenesulphonic acid. The autoclave was pressurised with 20 bar of carbon monoxide and 40 bar 
70 of hydrogen, and heated at 125 *C for 5 hours. It was found that 90% of the styrene had been converted 
with a selectivity of 85% 3-phenyl-1 -propanol and 15% into 2-phenyl-1-propanol. 

Example 1 1 



75 As in the previous Examples, an autoclave was charged with 10 ml ethyl isopropyl ketone, 30 ml 2- 

butanol as solvent, 0.25 mmol palladium acetate, 0.3 mmol 1 ,3-bis(di-i-propylphosphino)propane and 2 
mmol tri-fluoromethane sulphonic acid. The autoclave was pressurized with 50 bar of hydrogen and heated 
at 70 *C for 6 hours. It was found that 100% of the ethyl isopropyl ketone had been converted with a 
selectivity of 98% into 2-methylpentanoI-3. 

20 

Example 12 



Example 11 was exactly repeated except for charging 20 ml methyl ethyl ketone instead of ethyl 
isopropyl ketone, and 20 ml instead of 30 ml of 2-butanol solvent. After 2 hours of reaction at 70 *C, 90% 
25 conversion of methyl ethyl ketone with a selectivity of about 98% into 2-butanol was observed. 

Example 13 

As in the previous Example, an autoclave was charged with 10 ml methyl isopropyl ketone, 25 ml 2- 
30 butanol, 0.25 mmol palladium acetate, 0.3 mmol 1,3-bis(di-i-propylphosphino)propane and 2 mmol para- 
toluenesulphonic acid. The autoclave was pressurized with 50 bar of hydrogen and heated at 70 *C for 6 
hours. It was found that 60% of the methyl isopropyl ketone has been converted with a selectivity of 98% 
into 3-methylbutanol-2. 

Claims 

1. A process for the preparation of an alcohol by hydrogenation of a carbonyl compound at elevated 
temperature and superatmospheric pressure in the presence of a homogeneous catalytic system 
comprising a source of a Group VIII metal compound and a bidentate phosphine. 

2. A process as claimed in claim 1, wherein the Group VIII metal is selected from palladium, platinum, and 
rhodium. 

3. A process as claimed in claim 2, wherein the Group VIII metal is palladium. 

4. A process as claimed in any one or more of claims 1-3, wherein the bidentate phosphine is a 
compound of general formula: 

RiR 2 P-X-PR 3 R 4 (I) 

50 

wherein R\ R 2 , R 3 and R 4 independently represent an optionally substituted hydrocarbyl group, or R 1 
and R 2 together and/or R 3 and R 4 together represent an optionally substituted bivalent hydrocarbyl 
group, at least one of R 1 , R 2 , R 3 and R 4 being aliphatic, and X represents a bivalent bridging group 
having from 2 to 8 atoms in the bridge. 

55 

5. A process as claimed in claim 4, wherein in formula I each of R\ R 2 , R 3 and R 4 independently 
represents a substituted or unsubstituted optionally branched or cyclic alky I group having from 1 to 10 
carbon atoms. 

7 

BNSOOCID: <EP 0529698A2_I_> 



EP 0 529 698 A2 



15 



6. 



a 



w 9. 



A process as claimed in any one or more of claims 1-5, wherein the catalytic system further comprises 
a source of anions derived from a strong acid. 



7. A process as claimed in any one or more of claims 1-6, wherein the carbonyl compound is selected 
5 from aldehydes and ketones. 



A process as claimed in claim 7, wherein an aldehyde which has been prepared by hydroformylation of 
an olefmically unsaturated compound is used as starting material. 

A process as claimed in claim 8, wherein the aldehyde starting material is prepared in situ and without 
isolation is hydrogenated to the alcohol. 



10. A process as claimed in claim 9, wherein the aldehyde starting material is prepared in the presence of 
the same catalyst as used for the hydrogenation. 



20 
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© Process for the preparation of alcohols. 



© The invention relates to a process for the prep- 
aration of an alcohol by hydrogenation of a carbonyl 
compound at elevated temperature and superat- 
mospheric pressure in the presence of a homo- 
geneous catalytic system comprising a source of a 
Group VIII metal compound and a bidentate 
phosphine. Conveniently, an aldehyde which has 
been prepared by hydroformylation of an olefinically 
unsaturated compound is used as starting material. 



CO 
< 

00 

o 

CO 

o> 

CM 

m 
o 

Ql 
LU 



BNSDOCID: <EP 0529698A3J_> 



Rank Xerox (UK) Business Services 

(3. 10/3.09/3.3.41 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppU cation Number 

EP 92 20 2087 



8 
| 

§ 
1 

s 
S 

o 

a. 



Category 

x 



D 
A 

D 
A 



DOCUMENTS CONS IDERED T O BE REL EVANT 

appropriate. 



Citation of document with 
of relevant 

0RGAN0M ETAL L ICS, 

vol.1, no. 4, 1982, AMERICAN CHEMICAL 
SOCIETY. GASTON, PA. 
pages 658 - 666 

CHU W. JUNG ET AL. 'dehydrogenation of 
acohols and hydrogenation of aldehydes 
using homogeneous Ruthenium catalysts 1 

* the whole document * 

US-A-3 456 017 (CURTIS W. SMITH ET AL.) 

* the whole document * 



Relevant 
to 



1,4,5,7 



CLASSIFICATION OP THE 
APFUCATION q nt-CLS) 

C07C29/141 
C07C29/145 
B01J27/185 
C07C45/50 
C07C29/16 



1-5,8-1 



DE-A-29 04 782 (KURARAY CO., LTD) 1 1-5 

* claims 1-21; example 8; tables II, III * 



FR-A-2 456 720 (T0Y0 SODA MANUFACTURING 
CO., LTD) 

page 6 - page 11 * 
& US-A-4 263 449 

DE-A-17 93 398 (BA0ISCHE ANILIN- & 
SODA-FABRIK AG) 

* the whole document * 
& GB-A-1 270 985 

EP-A-0 320 339 (RH0NE-POULENC SANTE) 

* claims 1-14 * 

GB-A-2 100 260 (JOHNSON MATTHEY PLC) 

* page 6 - page 8 * 



1-3,7 



1,7,8 



TECHNICAL FIELDS 
SEARCHED (Int.CI.5) 



C07C 
B01J 



1,7 



2-5 





The present scan* report has 


been 


drawn up for all claims 






Flac*«f tcjrc* 

BERLIN 


14 April 1994 


Rufet, J 


X : 
Y: 

A : 


CATEGORY OF CITED DOCUMENTS 

particularly relevant if taken alone 
particularly relevant if combine* with another 
document of the sane category 
technological background 


T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 

L : document cited for other reasons | 


O : 
P : 


non-written disclosure 
intermediate document 




A : member of the same patent family, corresponding 



<EP 0529698A3 I > 



